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Postnatal survival rate of pigs is not high, generally ranging from 
70 to 90%. It is well established that postnatal viability and survival 
are influenced by birth weight in pigs (Vestal, 1936; Speer, 1970), in 
goats (Moulick and Syrstad, 1970) and in sheep (Karam, 1959; Shelton, 
1964). Mast observers have noted a lower mortality among.young which 
are heavier at birth particularly in litter-bearing species where the 
heavier littermates have a greater chance of survival. It has been re-
ported by Marthens et al. (1975) that not only is birth weight important 
per se but that weight for gestatimal age is important for survival and 
postnatal progress in human infants. Small for gestatimal age newborns 
have a significantly higher neonatal mortality than the term newborn of 
normal birth weight. Surviving small for gestatimal age infants exhibit 
a higher incidence of impairment of neurological functions as well as 
subsequent intellectual development. Swine exhibit a naturally occur-
ring high incidence of small for gestatimal age newborns. It is not 
unusual to find littermates differing by as much as 200% in body weight 
at birth in this species. Dickerson et al. (1971) reported a decrease 
in brain cell number and size in small for gestatimal age pigs. 
Good reproductive performance by the sow is one of the most econom-
ically important aspects of swine production. The maternal contribution 
to variability and birth weight of the off spring is of greater magnitude 
1 
than the paternal contribution in several species of mammals. Lush et 
al. (1934) reported that about 47% of the variation in birth weights of 
pigs is accounted for by maternal environment, whereas sire differences 
account for only about 7% of the variability. 
2 
The majority of the weight gain, protein, calcium, and phosphorus 
is deposited in the fetus during the last 21 days of pregnancy (Mitchell 
et al., 1931). Recent studies (Boyd et al., 1978a; Seerley et al., 
1978a, 1978b) suggest the possibility of increased energy storage in 
newborn progeny of sows fed increased energy during late gestation. 
Also, since birthweight is highly correlated with energy intake of the 
sow during gestation (Baker et al., 1969; Frobish et al., 1973; Libal 
and Wahlstrom, 1977), the level of nutrient intake during the last tri-
mester of pregnancy should have a major effect on the pig's chances for 
survival. Numerous studies have been conducted to determine the influ-
ence of nutrition of the gestating sow on reproductive performance. The 
results of these trials have been varied due to different nutritional 
regimes, research techniques, number of experimental units and the in-
herent variability of the reproductive traits being studied. 
The purpose of this study was to determine the effects of increas-
ing the level of feed intake during late gestation on litter size, 
birthweight and survival of pigs and subsequent performance of pigs 
during the preweaning period. 
CHAPTER II 
REVIEW OF LITERATURE 
The purpose of this review is to investigate the effects of gesta-
tion diet on the reproductive performance of the sow. This includes the 
effect of dietary energy level and source on sow milk constituents, car-
cass composition and performance of the neonatal pig, the effect of 
dietary protein, the effect of varying the level and pattern of feed 
intake, and the effect of protein and energy deprivation. 
Influence of Dietary Energy on the Reproductive 
Performance of the Gestating Sow 
Effect of Various Levels and Sources of 
Energy Fed Throughout Gestation 
The nutritional status of the sow during gestation may play an im-
portant role in achieving high reproductive performance. Several studies 
have been conducted to determine the effect of various dietary components 
on the reproductive performance of the sow. Dean and Tribble (1960) con-
ducted a series of trials to study the effect of gestation energy level. 
on the reproductive performance of sows and gilts. The control group of 
sows received a level of energy estimated to achieve the desired gesta-
tion weight gain recommended by the National Research Council while the 
other group of sows was fed an energy level of approximately two-thirds 
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that of the control group throughout gestation and lactation. The lim-
it-fed sows and gilts appeared to lose condition during gestation and 
lactation; however, they consist~ntly farrowed and weaned larger lit-
ters than the control sows and gilts. Average weaning weight of pigs, 
however, favored the control sows. 
In three trials conducted as 2X2 factorial arrangements with two 
protein levels (182 or 364 grams per day) and two energy levels (5, 400 
or 10,800 Kcal M. E. per day), Frobish et al. (1966) found increased 
4 
sow gestation weight gain with increased energy in the gestation diet. 
No effects due to energy level were observed for the number of live pigs 
farrowed or weaned or for the weight of live pigs at birth and weaning. 
In an attempt to determine the feasibility of reducing the energy 
intake of the gravid sow, Vermedahl et al. (1969) fed two levels of ener-
gy during gestation (4.4 or 7.3 Meal M. E.) and two levels of feed in-
take during lactation (ad libitum or one percent of body weight plus .36 
kg for each pig being nursed) in a 2X2 factorial arrangement of treat-
ments. Reduction in gestation energy level resulted in a decrease in 
daily gain and condition of the gilt at parturition, litter size at far-
rowing, birthweight and 21-day weight of the off-spring but energy level 
during gestation had no significant effect on the number of live pigs at 
birth. These results are consistent with studies conducted by Elsley et 
al. (1968) in which litter size was not affected in gilts fed 8.3 or 5.2 
Meal of energy daily during ~estation and 20.0 or 13.8 Meal of energy 
daily during lactation. 
· Several experiments were conducted in which the gestation energy 
level was varied from 2.0 to 9.0 Meal of metabolizable energy per day 
(Buitrago et al., 1970; Frobish et al., 1973; Buiirago et.~l., 1974b; 
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Libal and Wahlstrom, 1977). The results of these studies indicate that 
sow weight gain during gestation an.d pig birthweight increase linearly 
with increasing energy intake. The number of pigs farrowed, pigs weaned 
and pig weaning weights did not appear to be consistently affected by 
gestation energy level. The number of pigs weaned and pig weaning 
weight were reduced on the 3.0 Meal energy level (Buitrago et al., 1970) 
and litter birth weight was decreased in gilts or sows fed the 2.0 Meal 
energy level in studies conducted by Buitrago et al. (1974). 
Increasing the energy intake of the sow or gilt throughout the 
entire gestation period appears to increase sow weight gain and individ-
ual pig birth weight but seems to have little effect on litter size at 
birth and weaning, number of live pigs born, or litter and individual 
pig weight at weaning. 
Effects of Various Levels and Sources of Energy 
Fed at Different Times During the Gestation 
Period 
Ovulation rate and embryonic mortality are two important factors 
that affect litter size in swine. Several workers have shown that an 
increase in energy intake prior to breeding improves ovulation rate 
(Robertson et al., 1951; Christian and Nofziger, 1952; Self, Grummer, 
and Casida, 1955; Zimmerman et al., 1960; Sorensen, Thomas, and Gossett, 
1961) and that a continual high energy intake post-breeding results in 
a higher embryonic mortality (Robertson et al., 1951; Christian and Nof-
ziger, 1952; Self et al., 1955; Gossett and Sorensen, 1959). Other work 
has shown that high energy intake affects neither ovulation rate nor 
embryo survival (Haines, Warnick, and Wallace, 1959; Goode, Warnick and 
Wallace, 1960; Clawson et al., 1963; Lodge, Elsley, and MacPherson, 
1966a; O'Grady, 1967; Elsley, MacPherson, and McDonald, 1968; Elsley et 
al., 1969; Vermedahl et al., 1969; Baker et al., 1969; Self et al., 
1960; Frobish, Speer, and Hays, 1966; Lodge, 1969). 
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To determine the effect of varying the pattern of energy intake, 
Frobish (1970) conducted a trial feeding gilts either 3.2 or 6.0 Meal 
metabolizable energy daily from either breeding to parturition or breed-
ing to 76 days post-coitum at which time they received the opposite 
energy intake to parturition. Energy level or pattern of gestation 
feeding had no effect on birth or weaning weight of pigs. High energy 
intake during any portion of the gestation period significantly in-
creased the number of live pigs farrowed and those gilts on a continuous 
high level of energy intake during gestation weaned significantly more 
pigs per litter than those on a low energy intake throughout gestation. 
Gilts receiving 6.0 Meal daily throughout gestation or for the first 
two-thirds of gestation had significantly higher gestation gains than 
those receiving 3.2 Meal M. E. daily. 
Nutritional inadequacy is now thought to be a possible cause of 
many neonatal deaths and the possibility of an energy deficit for the 
neonatal pig is of vital concern since this limits growth and survival 
of the pig. Two studies in which either cornstarch or corn oil was 
added to the diet of gravid gilts to increase energy during the last 
five days of gestation (Seerley, et al., 1974; Friend, 1974) resulted in 
increased birth weights, survival rate of. lightweight pigs and pig 
weight at weaning. However, the short prefarrowing treatment and mani-
pulation of litters at birth makes it difficult to interpret the effect 
of prefarrowing treatment on pig survival. 
In similar studies, Lindemann et al. (1980) compared a control corn-
soy ration to the control ration pl~s 10% added fat fed from 109 days 
post-coitum to 14 days postpartum. No significant differences were 
found in the number of live pigs per litter, pig birth weight, or two-
week pig weight or survival. These results, however, were not consis-
tent with the results reported by Seerley et al. (1981) in which sows 
were fed 1.8 kg of 4% fat ration from breeding to day 109 of gestation 
and 1.8 kg daily of a ration supplemented with either 10% corn oil, 10% 
animal fat, or a control with no added fat fed from 109 days post-coitum 
to parturition. These same rations were full-fed throughout lactation. 
Improved survival and heavier pigs at 21 days of age were found in lit-
ters from lipid-fed sows compared to litters from sows fed no supplemen-
tal fat. 
Okai et al. (1977) conducted a study comparing a low level of in-
take (2.0 kg daily) of a barley-soybean meal control diet to ad libitum 
intake of the control diet or diets containing 10% added sucrose or 10% 
added tallow to increase energy. Gestation treatments were started on 
day 109 post-coitum and continued until parturition. All sows received 
a standard 17% protein ration throughout lactation. Ad libitum-fed sows 
had significantly greater gestation weight gains than limit-fed sows. 
In addition, survival of pigs with less than 1.0 kg birthweight was sig-· 
nificantly higher for sows consuming the control diet ad libitum. Level 
and source of energy did not affect the number or weight of pigs born or 
the number of pigs weaned. Pigs from sows receiving sucrose during ges-
tation were significantly heavier at weaning than those from sows on 
other treatments. 
In a 3X2 factorial arrangement of treatments, Boyd et- al. (1978b) 
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compared a gestation control ration (5,750 Kcal M. E./day) to the con-
trol ration plus. tallow or cornstarch to provide 9,300 Kcal M. E. daily. 
Lactation treatments consisted of a control (3,034 Kcal M. E./kg) or con-
trol plus 20% tallow (3,843 Kcal M. E./kg) fed on an ad libitum basis 
for a 14-day period following parturition. Gestation treatment started 
on day 100 post-coitum. Reproductive performance of the sow was not 
affected by gestation treatment. These findings are in agreement with 
the results of a study by Pond et al. (1981) in which corn starch was 
added to the gestation diet from day 100 post-coitum to parturition to 
increase the energy content of the control diet from 6.0 Meal M. E. daily 
to 12.0 Meal M. E. daily. No effect on reproductive performance was ob-
served due to the treatments applied. 
In general, increasing energy intake of the gravid sow during late 
gestation has little effect on most reproductive traits; however, this 
increase may result in an increased birth and weaning weight of pigs in 
addition to an improved survival rate for pigs of less than 1.0 kg 
birth weight. 
Influence of Dietary Energy Level and Source On 
Sow Milk Constituents and Carcass 
Composition of the Neonatal Pig 
The vulnerability of the neonatal pig is well documented. Pigs are 
born with only approximately 1.5% body fat (Manners and McCrea, 1962) 
and deplete most of their glycogen reserves within 72 hours after birth 
(Seerley et al., 1978). The pig must, therefore, rely on early feed 
intake for survival. It has been postulated that increased fat content 
of the dam's milk and the content of stored energy in the.neonatal pig 
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may play a vital role in the survival of the pig. 
The effect of prenatal growth retardation by nutritional stress on 
total weight and on cellular components or organs and tissues from the 
stunted progeny were studied by Buitrago et al. (1974a). Gilts were fed 
2.2 or 8.0 Meal of digestible energy per day in isonitrogenous diets 
throughout gestation. Average birthweight of pigs from sows on the low 
gestation energy intake was about 70% of that of progeny of sows fed a 
high gestation energy intake. Progeny of low energy intake dams showed 
significantly reduced levels of total DNA in the gastrocnemius muscle 
and reduction in muscular fat, liver glycogen, and blood serum protein. 
This suggests that a nutritional energy deficit during gestation might 
involve a reduction in all major nutritional elements for the fetus. 
In the absence of information available concerning nutritional sta-
tus during short, specific periods of gestation as it might affect the 
composition and viability of the newborn pig, Elliot and Lodge (1977) 
conducted a study in which sows were fed either .45 or 2.27 kg feed per 
day from day 100 of gestation until farrowing. Intake of vitamins and 
minerals were equal for both treatments. This short-term energy stress 
prior to farrowing had no effect on birth weight, muscle glycogen stores, 
or body composition of the newborn pigs; however, liver glycogen levels 
were significantly lower at birth in pigs from energy-stressed dams. 
This difference disappeared by six hours postpartum. 
Glycogen is the major energy reserve of the newborn pig. Several 
studies of glycogen content of liver and skeletal muscles of pigs have 
shown an increase in the rate of glycogen deposition in fetal tissues 
during late gestation and a rapid rate of liver glycogen utilization· 
within the first 12 to 18 hours of extra-uterine life (Mersrnann et al., 
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1972; Stanton and Mueller, 1974; Widdowson and Crabb, 1976). To deter-
mine the pattern of glycogen deposition of the fetal pigs, Okai et al. 
(1978) conducted a study in which sows were fed 2.2 kg per day of a corn-
soybean meal diet containing 14% crude protein during gestation. Pigs 
were surgically removed from sows at days ranging from day 44 to day 113 
post-mating. The pattern of glycogen deposition indicated that liver 
and carcass glycogen levels were low in early gestation and increased 
rapidly in the last four weeks of gestation. 
It has been suggested by Seerley et al. (1978b) that the neonatal 
pig may utilize certain fatty acids faster during starvation than other 
fatty acids. This is in agreement with studies reported by Wolfe et al. 
(1978) in which the oxidation of palmitate in liver homogenates of seven-
day-old pigs was faster than the oxidation of stearate or myristate. It 
has also been reported by Carroll (1958) and Goransson (1965) that short-
chain fatty acids appear to be oxidized more completely than long-
chained fatty acids in the rat. In general, the ability of the neonatal 
pig to utilize different sources of fat is poorly understood. It is 
known that the quantity and quality of saw's milk can be altered by diet-
ary fat supplementation (Willett and Maruyama, 1946; Salmon-Legagneur, 
1946), but the benefit of this to the neonatal pig is unknown. 
Several studies have been conducted comparing different sources of 
energy added to the ration of sows during late gestation and lactation. 
Anderson and Wahlstrom (1970) compared feeding for two levels of gesta-
tion gain and three levels of prefarrowing energy in a 2X3 factorial 
arrangement of treatments with gilts receiving either the standard ges-
tation diet alone or the standard diet supplemented with. sucrose or lard 
from day 104 of gestation until farrowing. Sucrose added J.O Meal M. E. 
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daily while the supplemental lard added 2.0 Meal M. E. daily. Gilts fed 
for lower gestation gain produced pigs with higher blood sug .. r, higher 
liver fat and lower liver glycog~n. Pigs from gilts on the sucrose 
treatment had the highest rate of gain from birth to 72 hours while pigs 
from gilts fed lard had the lowest. 
Three studies were conducted to compare the effect of feeding corn 
oil or corn starch to gestating sows (Seerley et al., 1974; Friend, 
1974; Seerley et al., 1978b). In each experiment, either corn oil or 
corn starch was added to a basal ration for the last five days of gesta-
tion. In each study, the feeding of corn oil resulted in an increase in 
the total carcass lipids and the percent of linoleic acid in the carcass 
fat of neonatal pig. In addition, the percent fat and percent linoleic 
acid was increased in the colostrum and milk of the darn. Seerley et al. 
(1978b) also found an increase in total energy in the colostrum of sows 
fed corn oil. Carcass moisture, ash, and protein were not affected by 
dietary treatment. 
Seerley et al. (1981) compared the effect of feeding corn oil, ani-
mal fat, or no fat to gestating sows for the last five days of gestation 
and found that pigs from sows fed lipids had more total glycogen in the 
carcass at birth than pigs from sows fed no fat. Feeding corn oil to 
the gestating sow had a significant effect on the percentages of fatty 
acids in the carcasses of neonatal pigs. 
The effect of feeding animal fat to gestating sows was investigated 
earlier by Seerley et al. (1978a) when it was compared to corn starch as 
an energy source during the last ten days of gestation. Feeding animal 
fat increas~d the percent of total lipids and the percent of oleic acid 
while decreasing the percent of linoleic acid in the colostrum and milk 
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of the sow. Seerley and Poole (1974) estimated that 35% of the fatty 
acids lost from a fasting newborn pig was oleic, whereas stearic and 
arachidonic acids were poorly utilized. Animal fat is high in oleic 
acid content and, therefore, should provide a different ratio of fatty 
acids to sows and pigs than carbohydrate energy sources. 
The effect of feeding tallow to sows during the last two weeks of 
gestation was studied in four experiments in which tallow was compared 
to control rations and sucrose or corn starch (Okai et al~, 1977, 1Q7~ 
Boyd et al., 1978a, 1978b). Results of these studies are not in com-
plete aggreement on the effect of supplemental tallow. Okai et al. (1 
(1977 and 1978) report no effect of feeding tallow on liver or muscle 
glycogen content, proximate composition of colostrum, proximate carcass 
composition, or fatty acid content of the carcass lipids of the newborn 
pig. In contrast, Boyd et al. (1978a, 1978b) reported that pigs from 
sows fed tallow had a higher percentage of carcass lipids and a higher 
level of glycogen per gram of wet liver, however, these were not statis-
tically significant. Boyd et al. (1978b) also reported that supplement-
al tallow in the gestation diet of sows increased the fat content of the 
saw's milk compared to the control and corn starch diets. 
The energy _reserves of the pig is meager at birth and is rapidly 
depleted without supplemental energy intake. Consequently, survival 
depends on milk intake soon after birth. The dietary feeding of the 
SOW prior to parturition can affect the composition of colostrum, milk, 
and to some degree, the pig carcass. Feeding lipids prior to parturi-
tion can help to insure adequate energy for pigs prior to birth, 
slightly increase energy reserves, increase total lipids and changes in 
the percentages of fatty acids within the colostrum and milk of the sow. 
These effects combined may lead to improved survival and subsequent 
growth of the neonatal pig. 
Influence of Dietary Protein on the Reproductive 
Performance of the Gestating Sow 
13 
There appears to be general agreement that corn alone does not con-
tribute sufficient protein of adequate quality to promote satisfactory 
reproductive performance. Ripple et al. (1965) showed that corn alone 
during the last half of gestation could not support gestation weight 
gain during winter months or litter gain the first two weeks of lacta-
tion equal to that of gilts fed 16% protein rations. 
The deficiencies of corn alone can be corrected by replacing common 
corn with high-lysine corn, as was shown by Baker et al. (1971), where 
equal performance was obtained from gilts fed opaque-2 corn or 12, 16, 
and 20% corn-soybean meal diets. Baker et al. (1970b) demonstrated that 
corn deficiencies could also be overcome by adding soybean meal to the 
sow ration during the last five weeks of pregnancy. 
In a review, Pond (1973) summarized the results of 12 trials in 
which protein levels of 5 to 12 percent had been fed to gilts or sows 
during gestation. The number or weight of pigs at birth was not af-
fected by the sow's protein intake during gestation. In six trials, 
however, there were effects on litter size or weight at weaning. 
Feeding trials (Boaz, 1961; Holden et al., 1968) have demonstrated 
that protein intakes lower than those recommended in national feeding 
standards result in satisfactory reproductive performance as measured by 
litter size and weight and regularity of breeding. Protein levels from 
near zero to 20% from both plant and animal sources were fed to gestating 
14 
sows without detrimental effects. Lucas et al. (1966) reported no sig-
nificant differences in total number of pigs born, number of live pigs 
born, birthweight, number and we~ght of pigs weaned and gestation weight 
gain between sows fed 1.82 kg daily of 8, 12, 16, or 20% protein gesta-
tion diets. 
In support of these results, Greenhalgh et al. (1977) conducted an 
extensive series of coordinated trials on the protein requirements of 
sows. Treatments were arranged in a 4X2 factorial with gestation pro-
tein levels of 9, 11, 13, and 15% and lactation protein levels of 13 and 
17%. Barley fortified with minerals and vitamins and with varying 
amounts of equal parts of soybean meal. and fish meal were used to obtain 
the dietary protein levels. The diets were fed to first through fourth 
parity sows at seven centers at 2 kg/day during gestation and approxi-
mately 5.7 kg/day during lactation to produce 468 liters. Gestation 
diets had no consistent effect on pig numbers or weights at birth or 
weaning. There was also no direct treatment effect on the time required 
for rebreeding. The treatment combination of 9% protein during gesta-
tion and 13% protein during lactation gave the lowest weight of weaned 
pigs per litter. The combination of 11% protein during gestation and 
13% protein during lactation was concluded to provide the lowest protein 
intake consistent with satisfactory performance. 
In a similar study, Mahan and Mangan (1975) used 9, 13, and 17% 
protein levels for gestation and 12 or 18% protein during lactation to 
study the carry over effect of maternal tissue reserves from gestation 
to.iactation. Sows were fed 1.82 kg daily during gestation and ad libi-
tum during lactation. Progeny parturition data were similar for all· 
three gestation diets. This data provides further suppor~ to previous 
data suggesting that gestation protein levels as low as 9% may be ade-
quate. 
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Protein levels for gestating sows as low as 9% appear to be suffi-
cient to produce adequate litter size and birth weight of pigs in sever-
al trials. The major effect of higher protein levels is to increase sow 
weight gain during pregnancy and improve lactation performance which may 
improve subsequent performance of pigs. 
The Effect of Varying Level and Pattern of 
Feeding on the Reproductive 
Performance of Sows 
To assess the effect of both prebreeding and late gestation level of 
feeding Mayrose et al. (1966) conducted a study in a 2X2 factorial ar-
rangement of treatments with sows receiving either 2.72 or 1.82 kg of 
feed daily from 14 days prebreeding to 21 days postbreeding and either 
2.72 or 1.82 kg of feed daily from 84 days postbreeding to farrowing. 
All animals were fed the low level of feed from day 21 through day 83 
of gestation. Increasing sow intake at breeding significantly increased 
pig birth weight whereas increasing sow intake during the last one-third 
of pregnancy significantly increased sow weight but had no effect on the 
birth weight of pigs. Sows with a high intake at both breeding and 
during late gestation farrowed fewer pigs per litter. 
Elsley (1968) discussed the influence of feeding level on the per-
formance of pregnant sows. Sows fed 3.18, 2.39, or 1.59 kg of feed 
daily throughout gestation and 6.14 or 4.32 kg of feed daily throughout 
lactation increased body weight linearly as intake increased. Birth-
weight of pigs also increased linearly with increasing gestation intake 
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which in turn led to higher weaning weights for pigs from sows on a high 
level of intake. Level of feed intake had no effect in the number of 
pigs born. 
Two studies were conducted comparing two protein levels and three 
feeding patterns in a 2X3 factorial arrangement of treatments (Pike and 
Boaz, 1969; Pike, 1970). The feeding patterns consisted of feeding 3.6 
kg per day from 0-49 days postbreeding, 2.7 kg from 49 to 63 days, and 
1. 8 kg of feed per day from 63 to 112 days postbreeding or increasing 
the feed intake from 1.8 kg to 3.6 kg daily during these same three 
periods of feeding a control of 2.7 kg daily throughout gestation. Pro-
tein levels were 19.5 and 10.5 percent. Sows were treated alike during 
lactation. Fertility and parturition results were unaffected by treat-
ment. At three weeks of age, the size and weight of litters was signi-
ficantly higher for sows on the high protein levels. In addition, sows 
on the high protein level weaned significantly more pigs and gained sig-
nificantly more weight during pregnancy than sows on the low protein 
diets. Sows on the low to high pattern of feeding gained significantly 
more weight during gestation and had significantly heavier litters at 
birth than sows on the high to low pattern of feeding. When the treat-
ments were repeated through the third pregnancy, nitrogen retention was 
higher for sows fed the high protein level. Intrauterine nitrogen depo-
sition was not affected by treatment, however, extrauterine nitrogen 
deposition was significantly higher in sows fed the high protein level. 
Extrauterine nitrogen deposition appeared to enhance subsequent lacta-
tion performance. Protein utilization seems to be more efficient in 
late pregnancy suggesting that feeding higher levels of protein in late 
pregnancy should lead to greater efficiency over the whole pregnancy 
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provided energy intake is sufficient. 
No differences in litter performances were reported in two other 
studies in which sows received a constant daily feed intake of 2.1 or 
1.8 kg or the same total amount of feed during-gestation but in either a 
high-low or low-high feeding pattern (Solomon-Legagner, 1962; Adam, 
1973). 
Five other studies have been conducted all of which tend to support 
the contention that level and pattern of feeding during pregnancy does 
not influence the number of pigs farrowed or raised, but that it may in-
fluence birth weight and postnatal growth rat~. Lodge et al. (1966a and 
1966b) fed 1.36 or 2.72 kg daily to sows during gestation and compared 
their performance with a third group that were fed 1.36 kg daily during 
the first 2/3 and 2.72 kg daily during the remainder of pregnancy. Gilts 
were started on treatment at first breeding and continued through three 
successive gestation periods. During lactation gilts were fed 1.82 kg 
plus .36 kg per nursing pig. Gestation treatment had a significant ef-
fect on birth weight and three-week pig weight, but pig weights were sim-
ilar at eight weeks of age. Significant sow gestation weight changes 
were found between treatments but showed no relation to litter weight 
at birth. There were no significant treatment effects on number of pigs 
farrowed or weaned in a similar study reported by O'Grady (1967). Feed 
intakes during pregnancy were 1.36 or 2.72 kg daily or 3.63 kg fed daily 
during the first and last 28-day period with 1.82 kg fed daily during 
mid gestation. During a five-week lactation period, gilts were fed 1.82 
kg of feed plus .45 kg per nursing pig. Total energy intake during preg-
nancy had a significant effect on litter weight at birth and at weaning 
but pattern of energy intake did not affect birth or weaning weights. 
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In similar studies, Meade et al. (1966) fed gilts during the first and 
second 28-day periods and during the last half of gestation: 1.36, 1.82, 
and 2.27 kg; 1.82, 2.27, and 2.72 kg or 2.72 kilograms continuously 
throughout gestation while Cromwell et al. (1980) fed gilts 1.82 kg 
daily throughout pregnancy or 1.45 kg for the first 90 days followed by 
3.27 kg daily to farrowing. Hillyer (1980) fed sows 2.4 kg daily 
throughout gestation or 2.4 kg from breeding to 90 days followed by 3.4 
kg from 90 days to farrowing. Live pigs farrowed, birth and weaning 
weights and number of pigs weaned were not different among patterns of 
feeding. 
Two studies were conducted to determine the effect of pattern of 
feeding on the survival and development of embryos in early pregnancy. 
Heap et al. (1967) fed 1.36, 2.72, or 4.09 kg of meal to sows daily from 
the day following service until slaughter 28 days later. No relation-
ship was found between the weight of sow at service and the number of 
corpora lutea or between number of compora lutea and number of normal 
embryos. Treatment did not affect the number of normal embryos, survi-
val rate, weight, or crown-rump length of embryos. Shultz et al. (1966), 
however, found a decrease in embryo survival in gilts fed 1.81 kg daily 
compared to gilts receiving 3.63 kg daily from one estrus cycle before 
mating to slaughter at 25 days post-coitum. 
Effect of Protei_n or Energy Deprivation on the 
Reproductive Performance of Gestating Sows 
Birth and weaning weights can be reduced by severe feed restriction 
during gestation (Clauson et al., 1963; Baker et al., 1969; Frobish et 
al., 1973; Libal and Wahlstrom, 1977). Gilts fed 1.36 or.2.72 kg daily 
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containing .14 or .54 kg protein were used to demonstrate that a low 
level of intake during gestation reduced birth weight but was, however, 
adequate for reproduction and apparently did not hinder lactation per-
formance as indicated by equal weaning weights among treatments (Clawson 
· et al., 1963). 
In two studies utilizing protein-free diets fed to gilts during 
various segments of the gestation period (Pond et al., 1968, 1969), it 
was demonstrated that the pregnant gilt is able to use body reserves of 
protein and amino acids to meet the needs of the fetus for survival. 
However, the duration of protein deprivation has an important bearing on 
the long-term effects of progeny development. 
The effects of restricted feed intake during gestation was reported 
by Baker et al. (1969). ·Gilts were fed .9, 1.4, 1.9, 2.4, or 3.0 kg/day 
of a diet designed to be adequate when fed at 1.9 kg/day. Gilts re-
ceived this diet ad libitum during the three-week lactation period. 
Restricted intake resulted in reduced farrowing percentage and birth 
and weaning weight, however, the number of pigs farrowed or weaned was 
not affected. 
Many factors affect the birth and weaning weight of pigs, including 
seasonal, climatic, and housing conditions as well as age and weight of 
the dam. Lodge and McDonald (1959) reported that at three weeks of age, 
birth weight and milk consumption accounted for only 6 and 15 percent of 
the between litter variance in pigs. 
In general, the energy and protein nutrition of the gestating sow 
has a somewhat varied effect upon the reproductive traits, such as lit-
ter size and weight, pig weight and survival and rebreeding ability of 
the sow. Only during severe deficiency of either class of nutrients is 
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birth weight reduced and only in the case of energy restrictions does 
litter size appear to be adversely affected. Milk production can be 
depressed by a deficiency of either protein or energy. The sow appears 
to be able to buffer the offspring against nutritional energy and pro-
tein deficiency by drawing on her own reserves to allow fetal survival. 
High levels of energy fed to the sow during gestation appear to increase 
sow weight gain during pregnancy and increase sow weight loss during lac-
tation as well as increase pig birth weight. High levels of protein fed 
during gestation seem to have little effect on litter size or weight but 
may improve lactation performance. Varied response is obtained to feed-
ing extra energy and protein at different times during the gestation 
period. 
In a summary of 2,346 farrowings in five herds, the coefficients of 
variation were 27% for total and live pigs farrowed, and 32% for pigs 
weaned (Hays et al., 1969). With this high degree of variation within 
the reproductive traits, long-term studies involving large numbers of 
animals, a variety of approaches and the combined efforts of researchers 
will be required to assess the full impact of maternal nutrition during 
pregnancy on the growth and development of progeny. 
CHAPTER III 
MATERIALS AND METHODS 
Experimental Design 
Seventy-seven Yorkshire sows and 45 Yorkshire gilts were used in a 
study to determine the effect of increasing the level of nutrition dur-
ing late gestation on subsequent productivity. 
One hundred and twenty··two litters were produced between January 
1980 and March 1981; however, only 108 litters had complete records at 
weaning time. A summary of the number of litters produced for each 
treatment by parity and farrowing season is presented in Table X (see 
Appendix). For these analyses, parity is divided into two categories, 
first parity gilts and all sows with parity greate~ than one. 
Prior to breeding and throughout gestation, gilts and sows were fed 
a standard 14% crude protein corn-soybean meal ration (Table I). The 
specific feeding regime for each treatment through the entire gestation 
period is shown in Table II. Treatment consisted of a control level of 
feed intake of 1.82 kg per head per day (2.27 kg December - February) 
and a high level of feed intake of 3.18 kg per head per day (3.63 kg 
December to February) starting at 90 days of gestation and continuing 
until farrowing. After farrowing, sows were allowed to consume the 14% 
protein diet on an ad libitum basis throughout lactation. Creep feed 
(Table III) was provided to pigs at three weeks of age and continued 
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TABLE I 
GESTATION-LACTATION DIETS FOR DEVELOPING GILTS AND SOWS 
Ingredients 
Corn 
Soybean Meal (44%) 
Calcium Carbonate 
Dicalcium Phosphate 




Crude Protein (N X 6.25) 
Calcium 
Phosphorus 


















avitamin-trace mineral premix supplied 1,760 mg riboflavin; 8,800 mg 
pantothenic acid; 8,800 mg niacin; 8.8 mg Vitamin Biz; 176,000 mg 
choline chloride; 1,760,000 I.U. Vitamin A; 176,000 I.U. Vitamin D3; 
4,400 I.U. Vitamin E; 440 mg menadione dimethyl-primidinal bisulfite; 
39.6 mg selenium; 299.2 mg Iodine; 19.8 g Iron; 11 g Manganese; 2.2 g 
Copper and 39.6 Zinc per kilogram of premix. 
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TABLE II 
FEED INTAKE FOR. EACH TREATMENT (KG) 
Treatment a 
1 2 
Gilt Sow Gilt Sow 
Prior to Breeding 2.27 1.82 2.27 1.82 
After Breeding 
(day 1-90) 1.82 1.82 1.82 1.82 
90 Days (gestation 
to farrowing) 1.82 1.82 3.18 3.18 
aFeed increased .454 additional kilograms during the months of Decem~ 
ber through February. 
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Ingredient 







Vitamin, TM premia 














Metabolizable energy (Meal/kg) 
Percent Composition 
















avitamin trace mineral premix supplied 1760 mg riboflavin; 8,800 mg pan-
tothenic acid; 8,800 mg Niacin; 8.8 mg Vitamin Biz; 176,000 mg Choline 
Chloride; 1,760,000 I.U. Vitamin A; 176,000 I.U. Vitamin D3; 4,400 I.U. 
Vitamin E; 44 mg Menadiane dimethyl·-primidinol bisulfite; 39 .6 mg 
Selenium; 299.2 mg Iodine; 19.8 g Iron; 11 g manganese; 2.2 g Copper; 
and 39.6 g Zinc ·per kilogram of p~emix. 
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until weaning at six weeks of age. After weaning, all sows were returned 
to the prebreeding level of feed intake (1.82 kg/head/day) and rebred. 
Husbandry and Data Collection 
Gilts and sows were maintained i~ dirt lots throughout the breeding 
and early gestation periods. Pens were equipped with individual feeding 
stalls such that gilts and sows could be individually hand fed once 
daily in the morning. Nipple waterers were provided to allow access to 
water ad libitum. Shelter was provided in each lot in the form of 7 •. 32 
X 3.66 m houses equipped with foggers for cooling during periods of high 
temperature. Straw was provided within the houses for bedding during 
periods of cold temperature. Gilts and sows were each bred twice by 
artificial insemination during the estrus period. After breeding all 
sows and gilts were weighed and an average backfat thickness was deter-
mined by ultrasonic probe of the first rib, last rib, and the last lum-
· bar vertebrae. At 90 days of gestation, sows and gilts were randomly 
allotted to gestation treatment, weighed and average backfat was again 
determined by ultrasonic probe. At approximately 110 days of gestation, 
gilts and sows were weighed and moved to a farrowing house and kept in 
1.83 by 2.13 meter farrowing crates until 21 days after farrowing. Heat 
lamps were provided within the farrowing crates to supply supplemental 
heat to pigs. Sows were weighed within 24 hours after farrowing. Indi-
vidual pig weights (alive and dead) were taken as soon after farrowing 
as possible. In addition, pigs were ear notched, needle teeth clipped 
and given iron shots at this time~ Pigs were allowed to nurse free 
choice and had access to fresh water at all times. 
At 21 days postfarrowing, sows and litters were weighed and moved 
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to nurstity pens where pigs were allowed access to creep feed and nipple 
waters ad libitum. Nursury pens were 1.83 m wide by 10.36 m long with 
concrete floors and shelter provided for both sows and pigs. ~oggers 
were provided for cooling during summer as well as bedding and heat 
lamps for warmth during winter months. At 42 days postfarrowing, pigs 
were individually weighed and weaned. Sows were weighed and returned 
to dirt lots for rebreeding. 
Additional measurements included the total and live pigs at birth, 
21 days and at weaning; feed consumption of sows from parturition to day 
21 of lactation; consumption of creep feed by the baby pigs from three 
weeks until weaning; and the number of days to the first estrus of the 
sow after weaning. 
Statistical Analysis 
The effect of increased nutrition during late gestation on pig 
weight at birth, 21 days and weaning and on sow performance as measured 
by litter size at birth, 21 and 42 days, litter weight at birth, 21 and 
42 days, sow weight and weight change during gestation and lactation, 
litter survival and the number of days to first estrus after weaning 
was analyzed by least squares procedures. The linear model considered 
was Yijkl = µ + Ti + Pj + Fk + TPij + TFik + PFjk + TPFijk + eijkl where 
Yijkl is the observation, µ is a common constant, Ti is the effect of 
the ith treatment, Pj is the effect of the jth parity, Fk is the effect 
of. the kth farrowing season, TPij is the interaction of the i ·. , treat-
ment and the jth parity, TFik is the interaction of the ith treatment 
and the kth farrowing season, PFjk is the interaction of the jth parity 
and the kth farrowing season, TPFijk is the interaction of the ith 
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treatment and the jth parity and the kth farrowing season and eijkl is 
the random error specific for each observation. In addition, individual 
pig and litter weight at birth, 21 and 42 days were analyzed with the 
above model including litter size at birth as a covariate. Litter 
weight at 21 and 42 days were also analyzed with the above model includ-
ing litter size at birth and number of live pigs born as covariates. 
All sow performance traits subsequent to 90 days of gestation were 
analyzed with the above model,<-including sow weight change from breeding --
to 90 days gestation as a covariate. Only adjusted means for sow weight 
at 110 days of gestation, farrowing, 21 days postfarrowing, 42 days post-
farrowing, and sow weight change from breeding to weaning are reported 
because the adjustment for sow weight change from breeding to 90 days of 
gestation did not affect 'the results obtained for other sow performance 
traits. 
To determine how the treatments applied may affect the performance 
of sows in different physical condition, sow weight and backfat thick-
ness at 90 days gestation as well as the interactions of these two 
traits with the treatments applied were included as covariates in the 
above model. The only traits in which the results were affected by 
these adjustments were sow weight at farrowing, sow weight change from 
110 days gestation to farrowing, litter birthweight, and the number of 
live pigs born; therefore, these are the only means reported in which 
these adjustments were made. 
Means reported are least square means and the significant differ-
ences between means were determined by a t-test. 
CHAPTER IV 
RESULTS AND DISCUSSION 
Treatment Effects 
Gilt and sow weights at the various stages of gestation and lacta-
tion as well as sow weight changes are presented in Table IV. Sow 
weights at breeding, 90 days of gestation, 110 days of gestation, farrow-
ing, 21 days postfarrowing and weaning at 42 days postfarrowing were not 
significantly different between treatments. Gilts and sows allotted to 
the high intake treatment showed significantly higher gain (P<.05) from 
breeding to 90-days gestation. Both groups were treated alike during 
this period. Adjusting for the faster growth rate by covariate analysis 
did not significantly alter any of the results obtained. Pike and Boaz 
(1969) and Pike (1970) reported increased sow weight gain with increas-
ing feed intake during late gestation. Elsley (1968) reported a linear 
increase in sow gestation weight gain as sow gestation feed intake in-
creased from 1.59 to 3.18 kg per sow per day. In this study, the total 
gestation weight gain was low for both treatments which may account for 
the absence of a significantly higher gestation weight gain on the high 
intake treatment. 
Sows on the high intake treatment lost significantly more weight 
(P<.10) during the first 21 days of lactation than those on the control 
diet, however, no difference in weight change from 21 days postfarrowing 
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TABLE IV 
LEAST SQUARE MEANS FOR SOW WEIGHT AND WEIGHT 
CHANGE FOR EACH TREATMENT 
Trait Control 
No. Sows 60 
Sow Weight, kg: 
Breeding 176.6 ± 4.7 
90-day gestation 197.2 ± 4.8 
90-day change 20.7 ± 3.5a 
110-day gestation 206.3 ± 5.1 
Adjusted for 90-day change 208.4 ± 4.9 
90-110-day change 9.0 ± 2.1 
Post farrow (within 24 hours) 193.6 ± 4.9 
Adjusted for 90-day change 195.6 ± 4.7 
110-day post farrow change -12.8 ± 1.9 
21-day post farrow 185.3 ± 4.8 
Adjusted for 90-day change 186.7 ± 4.8 
Post farrow - 21-day change -8.6 ± 2.5c 
42-day post farrow (weaning) 189.9 ± 5.2 
Adjusted for 90-day change 190.3 ± 5.2 
21-42-day change 4.5 ± 2.5 
Breeding to weaning change 12.9 ± 4.9 
Adjusted for 90-day change 14.9 ± 4.5 
a b in the differ significantly (P<.05) c'dMeans same row 




170.7 ± 3.7 
200.2 ± 3.8b 
29.6 ± 2.7 
211.4 ± 4.0 
209.6 ± 3.9 
11.1 ± 1.6 
198.6 ± 3.8 
197.0 ± 3.7 
-12.7 ± 1.5 
184.1 ± 3.8 
183.1 ± 3.8d 
-14.3 ± 2.0 
189.0 ± 3.8 
188.7 ± 3.9 
5.9 ± 1. 9 
20.0 ± 3.6 
18.2 ± 3.3 
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to 42 days postfarrowing was observed between treatments (P>.65). Over-
all weight change from breeding to weaning at 42 days postfarrowing was 
not significantly different between treatments (P>.24). 
Greater weight loss during the first 21 days of lactation shown by 
sows on the high intake treatment is ~n agreement with results reported 
by Lodge et al. (1966b) and Meade et al. (1966). Lodge et al. (1966b) 
and Meade et al. (1966) also reported that no apparent relationship ex-
isted between sow lactation weight change and litter weight at 21 days 
postfarrowing. 
The effects of gestation treatment on litter size, litter weight 
and pig survival are presented in Table .V. No significant effect due 
to treatment was observed for litter size, litter weight, or pig surviv-
al at birth, 21 or 42 days postfarrowing although litter size was 0.53 
pigs higher at 42 days and survival to 42 days was 9.4% higher for pigs 
from sows on the high intake treatment. Survival rate from 21 to 42 
days postfarrowing was 10.7% higher for pigs from sows on the high in-
take treatment, however, this was not statistically significant. Ad-
justing the data for the total number of pigs born or the total number 
of pigs born and the number of live pigs born by covariate analysis did 
not affect the observed results. 
Several authors have reported that increasing feed intake during 
late gestation results in no improvement in litter weight at birth or 
weaning (Solmon-Legagneur, 1962; Meade et al., 1966; Adams, 1973), lit-
ter size at birth (Solmon-Legagneur, 1962; Lodge et al., 1966; Meade 
et al., 1966; and 0 1 Grady, 1967) or litter size at weaning (Meade et al., 
1966; and O'Grady, 1967). In contrast, Lodge et al. (1966) and O'Grady 
(1967) reported increased litter weight at birth and weaning with 
TABLE V 
·LEAST SQUARE MEA.~S FOR LITTER SIZE, WEIGHT, 




Control High Intake 
No. Litters 
Litter Size 
Total pigs at birth 
Live pigs at birth 
Live pigs at 21 days 
Live pigs at 42 days (weaning) 
Litter weight, kg: 
Birth 
Adjusted for total pigs born 
21-days 
Adjusted for total pigs born 
Adjusted for total and live 
pigs born 
42-days (weaning) 
Adjusted for total pigs born 
Adjusted for total and live 
pigs born 






10.5 ± .6 
9.1 ± .6 
8.0 ± .6 
6.9 ± .7 
13.5 ± .8 
13.3 ± .5 
41.7 ± 2.7 
41.5 ± 2.4 
41.5 ± 2.2 
78.7 ± 5.4 
79.0 ± 5.1 
78.7 ± 4.6 
87.7 ± 3.2 
88.1 ± 4.4 
75.6 ± 6.0 
83.8 ± 5.6 
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10.0 ± .5 
8.1 ± .4 
7.8 ± .5 
7.4 ± .5 
13.5 ± .7 
13.9 ± .4 
42.3 ± 2.1 
42.8 ± 1.9 
42.8 ± 1.8 
78.3 ± 3.9 
79.0 ± 3.6 
78.8 ± 3.3 
89.0 ± 2.5 
89.8 ± 3.5 
85.0 ± 4.7 
94.5 ± 4.4 
aSurvival rate calculated as follows: Birth = number born alive + 
Total pigs born; 21 days = number of pigs alive at 21 days + number 
born alive; L12 days = number of pit.:s alive at 42 days + number born 
alive; 21-42 days number of pigs alive at 42 days + number of pigs 
alive at 21 days. 
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increased feed intake. The results of this study are in agreement with 
those reporting no improvement in litter size and weight at birth or 
weaning for sows receiving increased feed intake during gestation. 
Differences Due to Season and Age of Dam 
The effects of parity of the dam on weight and weight change and 
on litter size, litter weight, and pig survival are presented in Tables 
VI and VII. Sows were significantly heavier than gilts (P<.0001) for 
each of the observed weights during gestation and lactation. No differ-
ences be~ween gilts and sows were observed for weight changes between 
breeding and 90 days gestation, 90 days gestation and farrowing or far-
rowing and 21 days postfarrowing; however, sows gained more weight 
(P<.001) than gilts from -21 days postfarrowing to 42 days postfarrowing 
which resulted in sows gaining more weight (P<.01) than gilts over the 
entire gestation-lactation period. 
Sows farrowed more pigs at birth (P<.10) than gilts which resulted 
in a higher birth weight (P<.10) for litters from sows than litters from 
gilts. This difference in litter birthweight disappears, however, when 
birthweight is adjusted for litter size by covariate analysis. No dif-
ferences between parities were observed for the number of live pigs born, 
number of live pigs at 21 days, number of live pigs at 42 days, litter 
weight at 21 and 42 days or survival of pigs at birth, 21 and 42 days. 
Adjusting the litter weight at 21 and 42 days for the number of total 
pigs born or the number of total pigs born and the number of live pigs 
born, by covariate analysis, did not result in significant differences 
between parities. 
Significant farrowing season differences were found in sow feed 
TABLE VI 
LEAST SQUARE MEANS FOR SOW WEIGHT AND 
WEIGHT CHANGE FOR EACH PARITY 
Trait Gilt 
No. Dams 45 
Sow Weight, kg: 
157.2 
d Breeding ± 4.8d 
90-day gestation 182.0 ± 5.0 
90-day change 24.8 ± 3.6 
110-day gestation 190.6 ± 5.2d 
90-110 day change 8.6 ± 2.1 
Post farrow (within 24 hours) 177. 7 ± 5.od 
llO-day post farrow change· -13.1 ± 1.9 
21-day lactation 165.6 ± 5.0d 
Post farrow - 21-day change -12.2 ± 2.6 
42-day lactation (weaning) 164.2 d ± 5.4d 
21-42 day change -.5 ± 2.6 
Breeding to weaning change 8.1 ± s .ob 
b aParity 2 includes all sows parity greater than one. 
d'cMeans in the same row differ significantly (P<.01). 




190.0 ± 3.6e 
215.5 ± 3.7e 
25.4 ± 2.6 
227.0 ± 3.9e 
11.5 ± 1.6 
214.6 ± 3.7e 
-12.4 ± 1.4 
203.8 ± 3.7e 
-10.8 ± 1. 9 
214.7 ± 3.6e 
11.0 ± 1. 7e 
24.7 ± 3.4c 
TABLE VII 
LEAST SQUARE MEANS FOR LITTER SIZE, WEIGHT, 
AND SURVIVAL FOR EACH PARITY 
Trait Gilt 
No. Litters 45 
Litter Size 
Total pigs at birth 9.6 ± .7c 
Live pigs at birth 8.5 ± .6 
Live pigs at 21 days 7.6 ± .6 
Live pigs at 42 days (weaning) 6.6 ± .7 
Litter Weight, kg: 
Birth 12.5 ± .9c 
Adjusted for total pigs born 13.4 ± .5 
21 days 40.7 ± 2.7 
Adjusted for total pigs born 42.2 ± 2.5 
Adjusted for total and live 
pigs born 42.1 ± 2.3 
42 days (weaning) 74.9 ± 5.5 
Adjusted for total pigs born 77 .6 ± 5.2 
Adjusted for total and live 
pigs born 77 .o ± 4.8 
Litter Survival b, % 
Birth 89.5 ± 3.3 
21 days 89.6 ± 4.6 
42 days (weaning) 77. 9 ± 6.2 




11. 0 ± .Sa 
9.5 ± .4 
8.2 ± .4 
7.7 ± .5 
± 
14.5 ± .6a 
13. 8 ± .3 
43.3 ± 2.0 
42.2 ± 1.8 
42.2 ± 1. 7 
82.2 ± 3.7 
80.4 ± 3.5 
80.5 ± 3.2 
87.2 ± 2.4 
88.4 ± 3.4 
82.8 ± 4.5 
93.0 ± 4.3 
:Parity 2 includes all sows parity greater than one. 
Survival calculated as follows: birth = number born alive + total 
pigs born; 21 days = number alive at 21 days + number born alive; 
42 days = number alive at 42 days + number born alive; 21-42 days = 
number alive at 42 days + number alive at 21 days. 
c,dMeans in the same row with different superscripts differ signifi-
cantly (P<.10). 
intake from farrowing to 21 days postfarrowing, creep feed intake from 
21 days postfarrowing to weaning at 42 days postf arrowing and litter 
weight at 21 and 42 days postfarrowing (Table VIII). Sow feed intake 
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was higher in the January - March (P<.001) and October - December (P<.05) 
farrowing seasons than in the July - September farrowing season. Sow 
intake was also higher (P<.05) in the January - March farrowing season 
than in the April - June farrowing season. Creep feed intake was higher 
during the January - March season (P<.01), July - September season 
(P<.05) and the October - December season (P<.10) than during the Apr.il -
June farrowing season. 
Litter birthweight was affected by farrowing season (Table VIII) 
only when birthweight was adjusted, by covariate analysis, for the total 
number of pigs born per litter. Adjusted birthweight was higher in the 
January - March (P<.05) and the April - June (P<.01) farrowing seasons 
than in the July - September farrowing season. Litter weights at 21 and 
42 days postfarrowing were heavier during the April - June and October -
December farrowing seasons than during the January - March and July -
September farrowing seasons in both the adjusted and unadjusted analysis. 
Significant differences were observed in individual pig weight at 
birth, 21 and 42 days postfarrowing due to treatment by parity by far-
rowing season interactions (Table IX). Birthweights appear to be higher 
in litters from both sows and gilts on the high intake treatment during 
the colder seasons (October - March). Adjusting for the total number 
of pigs born per litter did not affect the results for pig birth, 21 and 
42 day weight. 
Environmental sources of variation account for much of the varia-
t~on observed in the individual sow productivity traits (Lush and Molln, 
Trait 
No. Litters 
Sow Feed Intakea, kg: 
b . 
Creep Feed Intake , kg: 
Litter Weight, kg: 
Birth 
Adjusted for total 
pigs born 
21 days 
Adjusted for total 
pigs born 
42 days (weaning) 
Adjusted for total 
pigs born 
TABLE VIII 
LEAST SQUARE MEANS FOR SOW FEED CONSUMPTION, 
CREEP FEED CONSUMPTION AND LITTER WEIGHT 
FOR EACH FARROWING SEASON 
Jan-Mar Apr-Jun Jul-Sept 
73 16 18 
178.6 ± 6.3e 143.4 ± 15.5cd 132.5 ± 11.4c 
16.5 ± 1.3 d 7.3 ± 2.9c 15. 4 ± 2.ld 
13.7 ± .5 14.8 ± 1.4 12.2 ± 1.0 
13. 7 ± .3d 14. 9 ± .7d 12.4 ± .6c 
38. 6 ± 1. 7C 47.3 ± 4.4d 35.1 ± 3.2c 
38. 7 ± 1. 6c 47.4 ± 4.0d 35.5 ± 2.9c 
67.6 ± 3.4 c 87.6 ± 8.0d 71. 7 ± 6.1 cd 
68.1 ± 3.2c 87.8 ± 7.5d 72.1 ± 5.7cd 
:sow feed consumption from farrowing to 21 days lactation. 
d Creep feed consumption from 21-42 days post farrowing. 
c eMeans in the same row with different superscripts differ significantly (P<.05). 
Oct-Dec 
15 
170.2 ± 13.0de 
15.3 ± 2.9cd 
13.5 ± 1.1 
13.5 ± •6cd 
47.0 ± 3.7d 
46.9 ± 3.3d 
87.1 ± 8.0d 








High In. Gilt 
High In. Gilt 
High In. Gilt 





High In. Sow 
High In. Sow 
High In. Sow 
High In. Sow 
TABLE IX 
LEAST SQUARE MEANS FOR INDIVIDUAL PIG WEIGHT AT BIRTH, 
TWENTY-ONE DAYS AND FORTY-TWO DAYS FOR EACH 
TREATMENT, PARITY AND FARROWING SEASON 
Pig Pig 
Farrowing Birth Weight 21-Day Weight 
Season (kg) (kg) 
Jan-Mar 1.2 .o 5.1 .1 
Apr-Jun 1.5 • 1 5.2 .4 
Jul-Sept 1.3 .o 4.8 .2 
Oct-Dec 1.2 • 1 5.1 • 3 
Jan-Mar 1.4 .o 4.8 • 1 
Apr-Jun 1. 4 • 1 5.6 .3 
Jul-Sept 1.3 • 1 5.5 .2 
Oct-Dec 1.1 • 1 5.7 .2 
Jan-Mar 1.4 .o 5.4 .1 
Apr-Jun 1.4 • 1 5.5 .2 
Jul-Sept 1.1 • 1 4.3 .2 
Oct-Dec 1.3 • 1 5.7 • 1 
Jan-Mar 1.4 .o 5.7 • 1 
Apr-Jun 1.5 • 1 5.6 .2 
Jul-Sept 1.1 .o 4.0 .2 








8.3 • 3 
11.0 .5 













1942; Omtvedt et al., 1966). The general trend in this study was for 
lighter birthweights in litters farrowing in July - September than for 
litters farrowed in the other three seasons. Weaning weight for litters 
farrowed in the January - March season were lower than those for litters 
farrowed in the other three seasons. Litter size at birth and weaning 
were equal for each season. These results are not in complete agreement 
with those reported by Johnson and Omtvedt (1973, 1975) in which spring-
born litters were found to be heavier at birth and- weaning than fall-
born litters. Unusually high ambient temperatures during the June, July, 
and August months may account for some of the differences in this study. 
The low feed intake from farrowing to 21 days postfarrowing for 
sows farrowing during the April - June and July - September farrowing 
seasons and the low creep feed intake from 21 to 42 days postfarrowing 
that was apparent for pigs born during the April - June season were not 
expected as sows were housed within a farrowing unit and not exposed to 
extremes in temperature during this time. 
Sows were heavier than gilts as expected for all weights taken dur-
ing the reproductive cycle. Smaller litters for first parity gilts at 
both birth and weaning along with lower death losses at birth and 21 
days are generally consistent with reports in the literature (Stewart, 
1945a; Omtvedt et al., 1966; Smith and Mclaren, 1967). It should be 
noted here that for these data, litters from second parity sows and 
greater were combined to form the second parity in this analysis. 
Differences Due to Condition of Dam 
The conditio · of the sow or gilt, prior to the start of treatments, 
as determined by weight and backfat thickness at 90 days of gestation, 
39 
was examined by using weight and backfat at 90 days of gestation as a 
covariate. The condition of the sow or gilt influenced the effect of 
treatment on the postfarrowing sow weight, sow weight change from 110 
days of gestation to farrowing, number of pigs born alive, litter birth 
weight, and individual pig birth weight. Where significant differential 
effects due to condition of the sow were observed, plots were made to 
illustrate these effects. Sow condition did not account for a signifi-
cant difference in treatment effect for sow weight at 21 or 42 days 
postfarrowing, sow weight change from farrowing to 21 or 42 days post-
farrowing litter size at 21 or 42 days, litter weight at 21 or 42 days, 
individual pig weight at 21 or 42 days or pig survival at birth, 21 or 
42 days. 
The effect of the control and the high intake treatments on sow 
postfarrowing weight was influenced by sow weight and backfat at 90 days 
of gestation (Figures 1 and 2, respectively). For a given backfat at 
90 days of gestation, sow postfarrowing weight increased with increasing 
sow weight at 90 days of gestation for both treatments. For a given sow 
weight at 90 days of gestation, the change in sow postfarrowing weight 
as backfat at 90 days of gestation increased was different (P<.05) for 
each treatment. In sows and gilts on the control treatment, sow post-
farrowing weight increased with increasing backf at at 90 days of gesta-
tion (Figure 1) while on the high intake treatment, sow postfarrowing 
weight decreased with increasing backfat at 90 days of gestation (Figure 
2). This suggests that increasing the level of intake of sows and gilts 
during the last one-third of pregnancy may result in the leaner sows at 
90 days of gestation gaining more weight from 90 days of gestation to 
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Figure 1. Predicted Sow Weight (kg) at Farrowing for the Control Treatment at Various Sow Weights 
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Figure 2. Predicted Sow Weight (kg) at Farrowing for the High Intake Treatment at Various Sow 




For a given backfat at 90 days of gestation, the difference between 
sow weight at 110 days of gestation and postfarrowing sow weight changed 
in a similar manner with increasing sow weight at 90 days of gestation 
for each treatment. For a given sryw weight at 90 days of gestation, the 
difference between 110-day (gestation) weight and postfarrowing weight 
as backfat at 90 days of gestation increased was different (P<.05) for 
each treatment. On the control treatment, sows and gilts tended to 
either gain more or lose less weight from 110 days of gestation to far-
rowing with increasing backfat at 90 days of gestation (Figure 3) while 
on the high intake treatment sows and gilts tended to either gain less 
or lose more weight from 110 days of gestation to farrowing with increas-
ing backfat at 90 days of gestation (Figure 4). This suggests that in-
creasing the feed intake 'of sows and gilts during the last one-third of 
pregnancy may result in the leaner sows and gilts at 90 days of gesta-
tion either gaining more or loosing less weight from 110 days of gesta-
tion to farrowing than sows and gilts that are fatter at 90 days of 
gestation. 
The increased weight gain from 90 days of ge~tation to farrowing 
(Figure 2) along with the decreased weight loss at farrowing (Figure 4) 
for leaner sows and gilts fed high levels of intake for the last one-
third of pregnancy could result in an increase in body energy reserves 
at the time of farrowing for those sows and gilts that are leaner at 90 
days of gestation. 
For a given weight at 90 days of gestation, the effect on the pre-
dicted number of live pigs born was similar as backfat at 90 days of 
gestation increased for each treatment. For a given backfat at 90 days 
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Figure 3. Predicted Sow Weight Change (kg) from 110 Days of Gestation to Farrowing, for .the 
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Figure 4. Predicted Sow Weight Change (kg), from 110 Days of Gestation to Farrowing, for the High 




days of -gestation increased was different (P<.10) for each treatment. 
On the control treatment, the predicted number of live pigs born was low 
for light weight sows and gilts, at 90 days of gestation and increased 
with increasing sow weight at 90 days of gestation (Figure 5) while on 
the high intake treatment, the predicted number of live pigs born was 
intermediate for lightweight sows and gilts at 90 days of gestation and 
remained relatively unchanged as sow weight at 90 days of gestation in-
creased (Figure 6). This suggests that increasing the feed intake of 
sows and gilts during the last one-third of pregnancy may result in an 
increase in the number of live pigs born for lightweight sows and gilts 
but not for heavier sows and gilts. 
For a given weight at 90 days of gestation, the effect on litter 
· birthweight as backfat at 90 days of gestation increased was similar for 
each treatment. For a given backfat at 90 days of gestation, the litter 
birthweight as sow weight at 90 days of gestation increased was different 
(P<.05) for each treatment. On the control treatment the predicted lit-
ter birthweight was low for ·lightweight sows and gilts at 90 days of 
gestation and increased as sow weight at 90 days of gestation increased 
(Figure 7) while on the high intake treatment the predicted litter birth-
weight was intermediate for lightweight sows and gilts at 90 days of 
gestation and remained relatively unchanged as sow weight at 90 days of 
gestation increased (Figure 8). This suggests that high levels of feed 
intake during the last one-third of gestation may result in heavier lit-
ters at birth from lightweight sows and gilts. 
Sow weight and backfat thickness at 90 days of gestation were used 
. . 
as indicators of sow condition at the time the treatments were applied 
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Figure 5. Predicted Number of Live Pigs Born for the Control Treatment at Various Sow Weights 
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Figure 6. Predicted Number of Live Pigs Born for the High Intake Treatment at Various Sow Weights 
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Figure 7. Predicted Litter Birth Weight (kg) for the Control Treatment at Various Sow Weights 








R \ 4~-------------------------------------------·-------------------------------------------i ~ T -; 
H j 
\0~ 
¥ ~ . 
""""'I""'"'.,-
~ 
............,..~., 1 I I I I ........ i I I I • • • 00 
,,. . ..,.., 1 1111c1 1 I 11 1 ,-.-~-rrrrrr' 4 ,..,. 260 280 3 
... ..,..,.-rr-rr-r-rrrrrrrl""T"'c-rri•,..,,,..,,..,,..,, ... ,... ,..,.,it"T• :• .,.., .,.., .,.., .,.., ~ 
2,..,. 2 "-' 
6_ ' ' 'rr• " .. ' ' " I ' 1 8"" 2""0 2 "" 
I I I I • 
1 60 ar,;.J Ii:.> 100 120 140 SOW WT 90 DAYS (KG~ 
t0 -------- \ 6 --36 
------ 24 
Figure 8. Predicted Litter Birth Weight (kg) for the High Intake Treatment at Various Sow Weights 
and Backfats at 90 Days of Gestation 




Response·differed between treatments as average backfat thickness at 90 
days of gestation increased for postfarrowing sow weight and weight 
change from 110 ~ays of gestation to farrowing. Response differed be-
tween treatments as sow weight at 90 days of gestation increased for the 
reproductive traits littersize, litter_ birthweight, and ir.Jividual pig 
bir weight. It should be noted at this time that parity two includes 
sows of parity 2, 3, and 4 and that the parity of the sow may have ac-
counted for a part of the variation due to sow wei~~t, however, it is 
assumed here that sows from each parity were equally distributed across 
treatments by the randomization process. 
The predicted increase in the number of live pigs born and litter 
birthweight as sow weight at 90 days of gestation increased on the con-
trol treatment (Figures 5 and 7) are in agreement with results reported 
by other workers (Stewart, 1945a and Omtvedt et al., 1965) in which lit-
ter size and weight increased as sow weight at breeding increased. In 
addition, Young et al. (1974) reported that as sow weight at breeding 
increased, the number of embryos at 30 days of gestation increased for 
two and three breed cross embryos. In contrast, Varley and Cole (1978) 
found no significant relationship between sow weight and litter size. 
Sow weight did not appear to affect the number of live pigs born 
or litter birthweight (Figures 6 and 8) for sows on the high intake 
treatment in this study. Lightweight sows on the high intake treatment 
are predicted to have more live pigs born and heavier litters than light-
weight sows on the control treatment whereas heavier sows on the high 
intake treatment are predicted to ·have less live pigs born and lighter 
litters than heavyweight sows on the control treatment (Figures 5, 6, 7, 
and 8). This indicates that increasing the feed intake of lightweight 
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sows during late gestation could increase productivity by increasing the 
number of live pigs born and thus increasing litter weight at birth. 
Increasing the feed intake of heavyweight sows would be of no benefit 
as this may lead to a reduction in the number of live pigs born. 
In a review of the effects of maternal protein and e=er~y nutri-
tion during pregnancy, Pond (1973) reported that the sow is able to draw 
upon her own reserves to allow fetal survival. This could explain, in 
part, why lightweight sows that may not have large energy reserves may 
benefit from extra feed intake and heavyweight sows with adequate re~ 
serves may not benefit from the extra intake. 
In this study, no apparent advantage was gained, in littersize, 
litter weight, pig weight, and pig survivability at birth or weaning, 
by increasing the feed intake of the dam during the last 24 days of 
gestation. It appears that some advantage could be gained by increasing 
the late gestation feed intake of lightweight sows and gilts. However, 
· a more detailed study in this area is necessary to determine if this 
effect is real and if so, would the resulting increase in production 
offset the increased cost of management, labor, and feed, resulting from 
this practice. With the high degree of variation associated with the 
reproductive traits in swine, large studies with many animals are neces-




The effects of increasing the feed intake of sows during late ges-
tation were studied in a trial utilizing 77 Yorkshire sows and 45 York-
shire gilts. Treatments included a control level of feed intake (1.82 
kg/head/day) fed throughout gestation and a high level of feed intake 
(3.18 kg/head/day) from 90 days of gestation to farrowing. Sows and 
gil~s were maintained on dirt lots from breeding to 110 days of gesta-
tion, at which time they were moved to the farrowing house and remained 
in farrowing crates until 21 days postfarrowing. At 21 days postfarrow-
ing, sows and litters were moved to sheltered nursery pens where they 
remained until weaning at 42 days postfarrowing. After weaning, sows 
were returned to the gestation lots and rebred when possible on the 
first estrus. Water was offered to both sows and pigs on an ad libitum 
basis throughout the lactation period. At weaning, sows were returned 
to a prebreeding level of intake (1.82 kg/head/day). Creep feed was 
offered to pigs ad libitum from 21 to 42 days postfarrowing. 
Measurements taken included: 1) backfat probe of gilts and sows 
at breeding and at 90 days of gestation; 2) gilt and sow weight at breed-
ing, 90 and 110 days of gestation as well as within 24 hours after far-
rowing, on day 21 of lactation and at weaning on day 42; 3) individual 
pig weight at birth (live and dead pigs), 21 and 42 days postfarrowing; 
4) total and live pigs at birth 21 and 42 days; 5) feed consumption of 
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sows from parturition to day 21; 5) consumption of creep feed by pigs 
from 21 to 42 days of age; and 7) the number of days to first estrus 
after weaning. 
No statistically significant treatment differences were observed 
for littersize, litter weight, sow weight, sow feed consumption, creep 
feed consumption, days to first estrus after weaning or pig survival. 
Significant (P<.01) parity differences were observed for all sow and 
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gilt weights recorded and for sow weight changes from 21 to 42 days post-
farrowing and from breeding to weaning. Significant (P<.05) farrowing 
season differences were observed for 21 and 42 day litter weights as 
well as creep feed consumption from 21 days postfarrowing to weaning, 
and sow feed consumption from parturition to 21 days postfarrowing. 
Highly significant treatment by parity by farrowing season interactions 
were observed for individual pig birth, 21, and 42 day weight. 
Condition of the sow prior to treatment may be important in deter-
mining the effect of treatment on reproductive traits. Based on pre-
diction estimates there appears to be a tendency for lightweight sows 
(<200 kg) to benefit from the high intake treatment more than heavier 
weight sows (>200 kg). 
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NUMBER OF LITTERS PRODUCED IN EACH TREATMENT GROUP 
BY PARITY AND FARROWING SEASON 
Treatment 
Farrowing Season Parity · 1 
Jan. - Mar. Gilt 14 
Sow 23 
Apr. - Jun. Gilt 1 
Sow 8 
Jul. - Sept. Gilt 5 
Sow 3 
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